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GEOMETRICAL PROPERTIES OF MINERAL INTERGROWTHS IN
ROCKS AND ORES

G. C. Austurz exo H. Grcsn

M'i'nera!,og-Petrogroph'ischm Inst'i'tutes d'er Univers'i'kit He'id,el'berg' Germany

The intergrowth between the different minerals of a rock is a function of the genesis
of the aggregate.

freviously, intergrowth relationships were considered only from a qualitative point of
view (Rosenbusch's School). The present paper defines some basic metrical and topo-
logicai properties. The possible coirelation of these numbers to qualitative. statements
isli"cu""ed in application to some rocks and ores, following up some preliminary obser-

vations by Am.tul. Th" bu.ic stereological formulae of Delesse, Tomkeieff and Henning,
and de Hbff are valid lor a class of very general structures in three-dimensional space. It
is shown how one can determine the difierent functionals (densities) by counting and
measuring in sections only. These basic formulae are:

V v :  a o : l t : C p

Sy :  (A /n)b" :Ac t
Mv -- 21lco
Cv

Vv, Sv, Mv, Cv are the densities of volume, surface, integral of mean curvature, and

Euierian characteristic respectively of the structure; ao, bo, co are the densities of area,

length of the boundaries, and Eullrian characteristic respectively of the-structure in a

"u"iion 
plane; lr, ,, are the densities of the length of the segments and the Eulerian

characteiistic'respectively of the structure in a straight line of a section; c, can be

interpreted as the probability that a random point lies within the structure.
A new method io determine c, will be disiussed. The possibility to determine Cy

will be indicated. In a rock (mineral aggregate), with discrete grains, Cy corresponds
to the number of grains per unit volume.

The metrical matrices Vv, Sv, Mv, Cv of the different phases can be supplemented
by the follovdng matrix of coordination, describing the mean distribution of the difierent
pirases in a miireral aggregate with discrete grains (analogous to some extent to the

method proposed by Gucer):

ff(a, &) equars .n" ""-o:tl,'1.*l:'3 Jji.f;t: ,or",ooo* wit! the qarticres
ot'tnoatl, phase; t/(a), lf(&) is the total number of particles of the ath or &th phase

taken into iccount; N is the total number of particles in the aggregate'
It is shown horv one can determine a numerical scheme equivalent to this symmetrical

matrix by counting in sections only, The difierent numbers of this matrix become equal

when the arrangement of the grains in the aggregate is random.
These geomet"ric functionalslf rocks and ores promise to enable the petrologist to

appror"h-problems of phase relations and genesis by quantitative. stud'es of inter-
giJ*th. So far the methods described were tested on granites, dolerites, charnockites,

and chromite ores.
After the frrst investigations based on direct counting and measuring "by hand",

semi- and full-scale automatic methods were designed and in part tried out. Complete

automation promises to secure the above metricai parameters of r-ocfs and ores within

a few minutes after sectioning of a rock. Various measurements of classical petrofabric
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analysis result,as a by-product of this automation; for example measurements of ani-
sotropy, i.e., elongations of certain grains in certain directions.

SYN-OROGENIC NEPHELINE ROCKS IN EASTERN ONTARIO AND
NORTHERN NORWAY

E. C. Appr-Bvarur
Departmmt of Earth Sc,iences, tlniarcrsity of Waterl,oo, Wateil,oo, Onta,io

Syn-orogenic nepheline-bearing and related aikaline rocks occur in fold belts of
various ages around the world. Most of these rocks are gneissic; some have the suucrure
of intrusive plutons while others occur as migmatite-li"ke or banded grrei"" 

"omple*es.Examples of rocks of this origin are describeJ from eastern Ontario ind the island of
S<ir<iy, northern.Norway. The identification of such occurrences as syn-orogenic rather
than pre-orogenic depends on structural and textural criteria.

The s6r6y alkaline rocks were- emplaced into a complex of metasedimentary and
metam^orphosed igneous rocks during the course of the Gledonian orogeny. Struttural
analysis indicates that they f9rryed concurrently with the second mafor phase of de-
formation but were strongly folded and sheared-during late expression" oi this move-
ment phase. A great varietyof alkaline gneisses, many of which are nepheline-bearing,
resulted from the introduction of a highly fluid nepheline-pegmatite magma whicii
injected or permeated into the host rocks according to the ph"ysical condiiion of the
Iatter. Rocks of carbonatitic aftnities with allied f"nit"" rt" ul"o present.

In eastern Ontario both igneous and metasomatic varieties of alkaline rocks are
present and were emplaced during the Grenville orogeny. Detailed work on the wolfe
tselt of Lyndoch township, one of the metasomatiJ oicurrerr""r, suggests that these
gneisses acquired their alkaline characteristics during the lull betwlin the first and
second major phases of deformation. The igneous vaiieties are probably coeval with
the metasomatic and are attributed to be drJsource of the nephelinizing fiuids through-
out the eastern ontario alkaline district. However, in many cases, iicluding thaiof
the wolfe Belt, a direct relationship between igneous and metasomatic rocks cannot
be demonstrated.

GEOCHEMISTRY oF NORANDA, QUEBEC, VOLCANIC ROCKS

W. R, A. Benecar<
Geol,ogical, Suruey of Canod,a, Ottawa, Ontario

volcanic rocks revealed in a cross-section of part of the Noranda volcanic belt, 10 to
L5 miles west and southwest of Lac Duparquet, euebec, form the north 1im6 of a
regional synclinorium. Dips are generally-sou-tJrw.td brt ihe continuity of the strati
graphic succession is broken by a small double fold within the cross-seltion. North of
this -fold a steeply-dipping pait of the assemblage is about 40,000 feet thick whereas
south of it a shallow- to flat-dipping part is about 5,000 feet thick. The latter lies at
the centre of-the synclinorium ind must be at least partly younger than the thick
sequence north of the fold but their full stratigraphic relationslips ire uncertain.
,^The se*ion was mapped in detail and sampled at stratigraplic intervals of about
400 feet. Each sample was analyzed for major elements by x--ray fluorescence and rapid
chemical methods and composite samples were checked by classical chemical analyses.
, The assemblage is composed e""e.ttially of basalt and andesite mostly of subharine

deposition. Acid volcanic rocks, prevalent in assemblages a few miles eastward, are
represented by minor fragmental rocks of mixed acid-bisic composition in the upper
part of the section.


